Despite the many developments in the area of sexual dysfunction, rehabilitation settings seldom investigate the remaining sexual function following spinal cord injury, or offer differential diagnoses of sexual dysfunction in spinal cord injured men. This article attempts to show how sexual rehabilitation should begin with a thorough assessment of the sexual function of paraplegic and tetraplegic men. Assessment includes a basic neurological examination of the perineal area and an extended clinical interview on sexual function and visceral function. The interpretation of patient evaluation is discussed in terms of a classification system adapted to sexual purposes and in terms of the differential diagnoses between sexual dysfunctions of organic, and those of predominantly psychogenic origin in the spinal cord injured patient. The organic or psychogenic contribution is discussed in terms of sophisticated procedures, where assessment of nocturnal penile tumescence (NPT) is critically evaluated and where alternatives such as urodynamic findings and skin potentials are discussed, Treatment strategies, such as intracavernous injections and cognitive-behavioural strategies adapted to different lesion types, are discussed.
Introduction
Centres that specialise in the area of sexual dysfunction have, nowadays, a variety of resources available to them, ranging from medical interventions -such as intracavernous injections,1-3 vacuum devices4-6 and surgery;7,8 to psychotherapeutic ones, such as couple, group and individual therapy9-11 based on cognitive behavioral,9-11 systemic-interactional ,12 existential humanistic12 and psychodynamic12 approaches. All of these approaches remain based on the initial evaluation of the patient to identify the organic and psychogenic origin of the dysfunction and to adapt treatment to the individual patient.
The study of sexual dysfunctions has, in this sense, led to the development of assessment instruments aimed at improving the diagnosis of organic and psychogenic sexual dysfunctions. Instruments have evolved from the mercury plethysmograph,13,14 to the penile cuff15 and the Rigiscan device (Dacomed, Minneapolis )16,17 for the measurement of penile tumescence, and from the buckling force18,19 to the stamp rin?,20-22 snap gauge18,23 and again penile15,24 and Rigiscan1 ,17 devices for the measure of penile rigidity. Further studies have explored the advantages and limitations of daytime laboratory recordings as opposed to measurement of nocturnal penile tumescence.
Strangely enough, these developments appear to have escaped the rehabilitation environment. Despite a few attempts to consider multidisciplinary approaches to sexual dysfunction in spinal cord injured patients,25,26 rehabilitation centres have tended to focus on intra cavernous injections as a sole mean of intervention and often fail to consider the differential diagnoses between organic and psychogenic dysfunction in this patient population.
In this context, our France-Quebec collaboration has aimed at developing measures to assess the residual sexual capacity of paraplegic and tetraplegic individuals to adapt to clinical interventions. The following article summarises these clinical and experimental data and gives an overview of the sexological evaluation which we now offer to spinal cord injured patients in our respective rehabilitation centers.
Sexual evaluation and residual sexual capacity
The concept of functional rehabilitation in spinal cord injury units is based on the evaluation of patients to establish remaining function and to provide rehabilita tion programmes maximising this initial post-traumatic potential. In this context, physiotherapy seldom brings back walking to the tetraplegic patient, but it provides an initial evaluation of muscular strength and equili brium to maximise the functional ability during rehabi litation. This approach is that which we encourage in the sexual rehabilitation of spinal cord injured patients: it takes into account the residual sexual capacity of the individual and attempts to maximise this post-traumatic potential during sexual rehabilitation. Sexual rehabili tation further benefits from the commonly used pharmacological treatments which allow the patient, if need be, to meet his pre-traumatic standards. The effectiveness of such pharmacological treatments can be enhanced by the residual erectile capacity of the individual so that evaluation becomes a necessity from our perspective.
The residual erectile capacity of spinal cord injured patients is a function of the remaining neural connec tions within the genital system. As illustrated in Figure  1 , the anatomical connections within the genital system include two nervous pathways, one originating from the sacral segments S2, S3, S4 of the spinal cord and involving the pudendal and pelvic nerves, the other originating from the thoracic-lumbar segments Tll, T12, Ll, L2 and involving the hypogastric, sympathic and pelvic nervesY Experimentally, the first of these two pathways, namely the sacral pathway, has been studied extens ively at the anatomica128.29 and physiologica130-35 level, as well as at the anima128-35 and human36-38 level. The thoracic-lumbar (TL) pathway, in contrast, has not been documented as thoroughly, although evidence for c T11-L2 S2-4 Figure 1 The innervation of the male reproductive system includes a sacral pathway (S2-4) responsible for the trans mission of reflexogenic erection, and a thoracic-lumbar pathway (T11-L2) responsible for the transmission of psychogenic erection. C: cortex; CG: coeliac ganglion; IMG: inferior mesenteric ganglion; PeN: pelvic nerve; PuN: pudendal nerve; SMG: superior mesenteric ganglion; SN: splanchnic nerve its importance in the erectile process has been high lighted in the past few years. 27.39 At the spinal cord injury level it has been demon strated that the TL pathway could convey penile responses from stimulation of higher eNS structures in the absence of reflex activity from the sacral pathway. At the animal level , 40 we have shown that cauda equina lesions of Sl completely interrupted reflex activity from the sacral pathway, including bladder function and penile responses to genital stimulation. Nevertheless, 85% of the animals maintained penile responses to stimulation of a hypothalamic area, a support for the hypothesis of a role for the TL pathway in mediating erection. At the human level, 41 we have shown that 80% of the subjects whose lesions interrupted the sacral pathway maintained erectile responses to psychogenic stimulation. These findings, along with the previous ones, further emphasise the complementary role of the TL pathway in paraplegic subjects who have lost function from the sacral pathway. Since our data also confirm those of previous findings on the sexual function of higher lesion subjects,36-38 the overall results show that very few spinal cord injured subjects suffer from complete impotence. The vast majority maintain a residual erectile capacity upon which a sexual rehabilitation programme could be built.
Sexological examination
Evaluating remaining sexual capacity in spinal cord injured subjects requires investigation of the functional state of the pelvic region through a basic neurological examination and/or an extended clinical interview. The basic neurological examination is summarised in Table  1 and includes exploration of perineal reflexes and pelvic sensation. Four perineal reflexes are investi gated: the anal reflex, the cutaneous-anal, the bulbo cavernosus and the bulbo-anal reflex.
The anal reflex is elicited during a rectal touch which The presence of these reflexes reflects functional activity from the sacral pathway and should be associ ated with retention of reflex erections. Conversely, absence of these reflexes reflects damage to the sacral pathway and absence of reflex erections but not necessarily absence of psychogenic erections. 41 The evaluation of perineal reflexes is complemented by investigation of dermal sensation to specify the level of the lesion. Dermal sensation in the perineum and lower limbs is illustrated in Figure 2 . It is limited to the innervation of the genital area, that is from TlO to SS, for reasons which will be understood in the discussion of the classification system below. Dermal evaluation includes tactile sensation, which travels through the posterior column system, and nociception which travels through the spino-thalamic tracts.
This basic neurological examination has allowed us to classify patients according to four categories: lesions located above the two pathways of erection (AP), lesions located between the two pathways (BTW) , lesions damaging the sacral pathway but limited to the conus terminalis (CT) and lesions damaging the sacral pathway and extended to the cauda equina (CE). Each category is associated with a particular mode of sexual function. 41,42 Figure 3 illustrates these modes.
Lesions above the two pathways innervating the genitals (AP)
These lesions are associated with reflex erections. Sexual responses appear following direct stimulation of the genitals, such as masturbation or fondling. These lesions are associated with positive perineal reflexes and with dermal sensations maintained anywhere from Cl to TlO, but lost (or impaired) under TlO. 12,13
Lesions between the dual innervation of the genital system (BTW) These lesions are associated with psychogenic and reflexogenic erections. As they spare sacral reflex activity, they spare erectile responses to genital stimu lation; and as they spare the connections between higher centers and the TL pathway, they spare erectile The evaluation of dermal sensation in the peri neum and lower limbs should include investigation of tactile sensation (which is transmitted through the dorsal column system) and of nociceptive (or thermal) sensation (which is transmitted through the spino-thalamic tract). Adapted from Ditunno et al60
responses to psychogenic stimulation. These subjects have positive perineal reflexes and dermal sensation as low as LS12,13 but have a loss (or impairment) of sensation from the sacral segments.
Lesions damaging the sacral pathway but limited to the conus terminalis (CT) These lesions interrupt reflex responses from the sacral segments but spare the connections between higher centres and the TL pathway. 41,42 They therefore spare erectile activity following psychogenic stimulation as it occurs in response to fantasies or to various types of non-genital stimulation including visual stimulation (watching a movie or a desirable partner), auditory stimulation (hearing a voice or a sound), olfactory stimulation (smelling a perfume or body odours) or tactile stimulation of non-genital areas (caressing the neck, ears or other body areas). Clinical evaluation generally reveals loss of perineal reflexes with anaes thesia (or paraesthesia) limited to the Sl-S region. Lesions damaging the sacral pathway and extended to the cauda equina (CE) These lesions can be of several kinds and would indeed benefit from a similar subdivision to that used in central lesions. Lesions are lower motor neuron and can occur as high as T12-Ll or as low as S4-S. Subjects can therefore lose all sexual capacity or maintain most sexual potential. For example, a cauda equina lesion to T12-Ll can abolish reflexogenic and psychogenic activity since it abolishes reflexes below the lesion level and since it interrupts the connections between higher centres and the TL pathway. In contrast, a cauda equina lesion to the lower sacral segments may limit the dysfunction to minimal reflexogenic impairment if the lesion is partial and located within the last sacral segments. Clinical examination of these lesions gener ally reveals a loss of perineal reflexes and anaesthesia (or paraesthesia) restricted to the genital area or extended to the hamstring or posterior thighs.
Sexual dysfunction in spinal cord injured men
The overall neurological evaluation presented here indicates to which group the patient belongs. Once this classification is achieved, the clinician can explore differential diagnoses between organic and psychogenic dysfunctions in spinal cord injured men by comparing the prognosis of residual sexual function and the actual experience of the patient. For example, the absence of reflexogenic erections in a patient who otherwise maintains all perineal reflexes, suggests psychogenic dysfunction. Similarly, the absence of psychogenic erections in a patient whose clinical evaluation reveals a functional thoracic-lumbar pathway, suggests psycho genic aetiology. The absence of both psychogenic and reflexogenic erections in a patient whose clinical evaluation reveals extended damage to both pathways is consistent with an organic aetiology.
While the above discussion refers to clinical hypo theses, our research groups have pursued the investiga tion of assessment instruments, such as nocturnal penile tumescence (NPT), urodynamics and skin poten tials, to explore these hypotheses.
NPT versus urodynamics and skin potentials.
NPT recordings
The clinical evaluation of spinal cord injured men can be complemented with sophisticated exploration of the perineal area. Such exploration provides objective data to differentiate organic erectile dysfunctions from psychogenic ones. In this area, the studies on sleep patterns19,43 have opened the door to evaluation and experimentation in sexual function. As such, studies on sleep have shown that the phase of rapid eye move ments (REM) is almost always accompanied by erec tions nocturnal penile tumescence (NPT). NPT can therefore be used as a diagnostic instrument whereby nocturnal erections are a sign of a psychogenic aeti ology while its absence confirms the diagnosis of an organic aetiology. 1 9,44-46 The diagnostic criteria used in NPT assessment are necessarily applied to the spinal cord injured popula tion, However, studies on sleep patterns revealed that the erections that accompany REM sleep are not related to the content of dreamsY The absence of 'universal' links between erotic dreams and the appear ance of nocturnal erections has led us to formulate the hypothesis that nocturnal erections are primary reflex ogenic responses transmitted via the sacral pathway. Paraplegic subjects, with an impaired sacral pathway, would therefore be diagnosed as organic impotent from NPT recordings, when our results show that most of these subjects maintain psychogenic erections. 41 The results of our study on NPT recordings con firmed the above mentioned hypothesis and showed that positive NPT recordings primarily appear in those spinal cord injured subjects who maintain reflexogenic activity; subjects with an impaired reflex function generally lose nocturnal erections47 even if they other wise maintain psychogenic erectile potential.41 NPT recordings should therefore be used with caution in the spinal cord injured population: while they can be a good diagnostic instrument for patients with higher lesions, they may be responsible for false diagnoses in lower paraplegic patients. Daytime recordings, using reflexogenic (masturbation) and psychogenic stimula tion (erotic movie )41 may be preferred to NPT record ings in rehabilitation settings.
Urodynamics
The search for new instruments in the diagnosis of erectile dysfunctions in spinal cord injured subjects has led us to consider urodynamic recordings. The assumption underlying this is that bladder function is dependent upon the same sacral and thoracic-lumbar innervation as sexual function. In particular, the detrusor muscle of the bladder which is involved in micturition is innervated by parasympathetic nerve fibres originating from the S2-4 segments of the spinal cord; the urethral sphincter involved in continence is innervated by somatic nerve fibres originating from the S2-4 segments; and the neck of the bladder involved in continence is innervated by sympathetic fibres originat ing from the TlO-L2 spinal segments. 48 Information from bladder function may therefore give us indications on the functional state of the dual innervation of the genital system.
In a recent study,49 we explored three variables reflecting parasympathetic, somatic and sympathetic activity. The presence of bladder contractions during urodynamic recordings was interpreted as a sign of parasympathetic activity, the presence of a hypertonic urethral sphincter as a sign of sacral somatic innerva tion, and the presence of a hypertonic neck of bladder as a sign of sympathetic activity. The results from our preliminary study49 indicate that indeed higher lesions (AP) are associated with significantly more bladder contractions and significantly more hypertonic sphincter activity than other groups. Whilst these urodynamic findings reveal functional parasympathetic and sacral somatic innervation, these subjects usually have reflexogenic erectile function. 41 Conversely, lower lesions (CT) are associated with significantly more hypertonia from the neck of the bladder than the other groups. This sign of sympathetic activity (or hyperactivity) is associated with psychogenic erectile function. 41 Finally, lower lesions which are associated with absence of bladder contractions and hypotonia from the urethral sphincter and bladder neck offer signs of denervated parasympathetic, sacral somatic and sympathetic systems and should therefore be associated with a loss of both reflexogenic and psychogenic erection capacity.
Urodynamics, which is a common procedure in rehabilitation practice, can therefore offer an alterna tive to NPT to establish differential diagnoses of impotence in spinal cord injured men. As such, absence of reflexogenic erections in subjects showing a func tional sacral pathway from urodynamics, or absence of psychogenic erections in subjects showing a functional TL pathway in urodynamics, may suggest a psychogenic contribution to the dysfunction. Conversely, absence of both reflexogenic and psychogenic erections in individuals whose urodynamics show dysfunctional sacral and TL pathways can confirm a diagnosis of organic impotence.
Skin potentials
The search for diagnositic instruments adaptable to spinal cord injured patients, has led us to consider further the use of skin potentials. These involve stimulation of the median nerve and recordings from the penis as a sign of sympathetic activity. The rationale behind the procedure is that stimulation of the median nerve first conveys inpulses to the brains tern and then to the sympathetic nervous system. Positive results from skin potentials therefore reflect transmission of sympathetic impulses and should be associated with the maintenance of psychogenic erection. Negative results from skin potentials should, on the other hand, reflect interruption of the connections between higher centres and sympathetic innervation and should be associated with a loss of psychogenic erectile potential.
In a current study, with Dr Pierre-Marie Gonnaud from the Jules Courmont Hospital (Lyon, France), we are exploring the role of these potentials in the sexual diagnosis of spinal cord injured men. The preliminary data are encouraging and suggest that skin potentials from the penis can discriminate between subjects who maintain thoracic-lumbar sympathetic activity neces sary for psychogenic erections and those who lose the necessary connections to allow transmission of psycho genic erections. These preliminary findings suggest that skin potentials could perhaps be used as an objective assessment of the functional state of TL innervation.
Sexological interview versus functional interview
Aside from the clinical examination, or in the absence of it, the sexological interview remains a source of information on the sexual difficulties of spinal cord injured patients. However, since spinal cord injured men lack sensation below the lesion level they often underestimate their actual sexual capacity. 41,50 Ques tions on the sexual interview are therefore comple mented by questions on somatic and visceral function which are used to estimate the functional state of the sacral and/or TL pathway. Table 2 illustrates these additional questions on visceral function and show how they can provide indications on the functional state of the sacral and thoracic-lumbar pathway. Some questions relate to episodes of automatic dysreflexia, which can provide an indication of spontaneous ejaculations, while others focus on rectal or bladder function to provide indica tions on sphincter activity. For example, the presence of continuous leaks of urine can be associated with poor urethral sphincter activity and can be a sign of poor sacral innervation. Conversely, ability to urinate while relaxing the sphincter is a sign of remaining connections When you relax your spnincter And/or when you push between higher centres and the sacral pathway. Pres ence of a perceptible need to urinate also provides information on remaining neural connections. Since spinal cord injured men are used to measuring the urine volume during rehabilitation, they can estimate the volume of urine voided during micturition. Four levels in the need to urinate have been described: 51 level 1 reflects a first need quickly forgotten and perceived at approximately 200 cc of bladder volume; level 2 reflects a pressing need; and levels 3 and 4 reflect urges to urinate (urgent and imminent) that start at approxi mately 400 cc of bladder volume. The first two levels are conveyed by sensory inputs originating from the sacral segments. Levels 3 and 4, in contrast, convey sensory inputs from distension of the bladder and are transmitted via the TlO-L2 spinal segments. 51 Needs to urinate can therefore be used as signs of functional sacral or thoracic-lumbar fibres.
As far as rectal function is concerned, presence or absence of reflex activity from the anal sphincter can be an indication of functional or impaired sacral activity and can be assessed verbally from the patient who must perform digital faecal evacuation.
These overall questions on visceral activity provide an initial classification based on the functional state of the sacral pathway. They are complemented by ques tions on skin sensation and anaesthesia to provide an estimate of dermal innervation. The combined infor mation helps the clinician conclude on a final classifica tion of the patient (AP, BTW, CT or CE) which will provide a prognosis of residual sexual potential. If the patient's report of sexual function does not conform to this prognosis, the clinician may further investigate a psychogenic contribution to the dysfunction. 
Therapeutic interventions
Therapeutic interventions that are currently offered to spinal cord injured patients concentrate on the intracav � rnous in J ections of v � soactive drugs suc� as papavenne. 1-3,52,5 prostaglandm3 and other combma tions,54-56 as well as the use fo vacuum devices4-6 and surgical implants of penile prothesis7,8 with the latter being used less often since the appearance of intra cavernous treatments. 56,57 While these strategies are unquestionably effective to palliate the sexual dysfunc tion of spinal cord injured men, we believe that the residual sexual capacity should not be ignored. On the one hand, this residual capacity may be of crucial importance to the subject to recover a sense of control over his intimate life, and on the other hand, this initial post-traumatic potential can possibly be maximised through a sexual rehabilitation programme on which we will give examples below.
Intracavernous injections
Among the palliative treatments for sexual dysfunc tions in spinal cord injured men is the technique of intracavernous injections. This has been found to be very powerful in overcoming erectile dysfunctions1,2,52 and to be particularly indicated in this population of patients. 52 Our data on papaverine injections confirm these results and show that the drug is equally effective for subjects of various lesion groups, whether AP, BTW, CT or CE. 58 However, we have questionned the effectiveness of papaverine as a function of the indi vidual's residual sexual capacity. Our preliminary results58 show that the pharmacological effect alone of papaverine is significantly smaller than the effect of papaverine combined with the individual's residual sexual functional capacity. In addition, our results show that an apparently ineffective dose of papaverine, from a strict pharmacological point of view, can become effective when combined with the individual's residual capacity. 58 These results show that if papaverine is definitely effective for spinal cord injured patients, lower doses could be explored if the individual was trained to use his residual sexual capacity, a finding which may be of particular interest when one considers the concerns shared by both patients and clinicians on the long term effects of pharmacological treatments.
Sexual rehabilitation
Sexual rehabilitation of spinal cord injured subjects should emphasise the individual's residual capacity as a function of remaining functional pathways and should maximise this early post-traumatic potential. Accord ing to this view, lesions located above the dual innervation of the genital system (AP) or between the two pathways (BTW) 'should be trained to use a reflexogenic mode of sexual function, while those with lesions to the conus terminalis (CT) or cauda equina (CE) should be trained to use a psychogenic mode of function. In the latter cases, a cognitive-behavioral treatment can be applied whereby the individual is asked to imagine different sources of arousing stimuli, including those used prior to the spinal trauma and those explored since the trauma. Stimuli that inhibit, or used to inhibit, arousal should also be explored to investigate whether the current mode of sexual function is somehow inhibitory. The identified arousing stimuli could be measured using a subjective intensity scale aimed at exploring possible control over the sexual response. Mental imagery would then be comple mented with home exercises aimed at applying the imagined situations in real-life conditions. While these cognitive-behavioral strategies may be effective in exploring the various stimulation sources than can induce and control erection, they may also serve to control premature emission in patients with lower lesion levels (primarily CT lesions) and who experience almost immediate dribbling emission upon psychogenic arousal. 41 Individuals with higher lesion levels (AP, BTW) should, in contrast, be offered a cognitive-behavioral programme aimed at using genital or perineal stimula tion to elicit penile responses. Stimuli that elicit erection should be identified, as well as those inhibiting the response. For example, we have noticed in our clinical setting that pressure stimulation of the glans penis (applied during evaluation of the bulbocaver nosus reflex) can trigger erection, while rubbing of the glans penis is often reported as inhibiting the response. Similarly, motion during penetration can stimulate erection, while bending the penis or pushing it backward may inhibit the response without the indi vidual being aware of this otherwise painful sensation. Finally, some patients report using their spasticity to trigger an ejaculatory response in the last stage of arousal, but similarly caution not to use such spasticity in the early stage of arousal as it can inhibit subsequent responses of climax. The use of spasticity with ejacula tion can be associated with autonomic dysreflexia.
Subjects with higher lesions should therefore be trained to explore these, and other, stimulation sources to induce or inhibit erectile responses. The procedure should be advised as home exercises during masturba tion by the patient himself, and during fondling with the partner, so that both patient and partner become aware of the positive and negative body responses to stimulation before intercourse is achieved.
As we were exploring these various strategies for clinical purposes we developed a research project, with Dr Christine Fournier from the Rehabilitation Institute of Montreal (Canada), on a sexual rehabilitation programme for spinal cord injured men. The pro gramme is based on reinforcement of perineal muscles which have been suggested to play a role in the pumping of blood into the penis. 59 The programme is applied on higher lesion subjects, who maintain sacral activity and therefore perineal muscle contrac tions, as well as lower lesion subjects who exhibit partial lesions and who maintain partial innervation of perineal muscles. The subjects are trained to use their optimial mode of stimulation to achieve initial tumes cence (ie reflexogenic or psychogenic based on their classification) and to increase this initial response by recruiting muscular activity during pressure stimulation of the glans penis to pump the blood into the penile cavities. The preliminary results are very encouraging although few subjects have been test.
The sexological evaluation of spinal cord injured patients therefore appears to be beneficial and should not be viewed as a sterile activity in clinical practice. The evaluation not only offers control to the paraplegic or tetraplegic individual over his sexual life, but also opens the field to therapeutic approaches combining various existing strategies and maximising the residual function, which is the primary goal of any rehabilitation programme.
